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Abstract
Personalized medicine may be considered an extension of traditional approaches to understanding and treating 
disease, but with greater precision. Physicians may now use a patient’s genetic variation or expression profile 
as well as protein and metabolic markers to guide the selection of certain drugs or treatments. In many cases,  
the information provided by molecular markers predicts susceptibility to conditions. The added precision introduces 
the possibility of a more preventive, effective approach to clinical care and reductions in the duration and cost 
of clinical trials. Here, we make the case, through real-world examples, that personalized medicine is delivering 
significant value to individuals, to industry, and to the health care system overall and that it will continue to grow  
in importance if we can lift the barriers that impede its adoption and build incentives to encourage its practice.
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SYMPOSIUM

There is a tectonic shift taking place in medicine.  
For the average patient, it is a subtle, perhaps imperceptible 
movement, but ultimately, it will affect the entire landscape 
of our health care system. The explosive growth in our 
knowledge of genetics and the molecular origins of disease 
is making its way to doctors’ offices, patient bedsides, 
and medicine cabinets of ordinary people. Physicians can 
guide treatments by using genetic, mRNA, protein and 
metabolic markers in a way that they never have before. 
Since mapping the human genome in 2003, the pace of 
discovery, product development, and clinical adoption of 
what we have come to know as “personalized medicine” 
has accelerated.

Personalized medicine, according to the President’s Council  
of Advisors on Science and Technology, “refers to the  
tailoring of medical treatment to the individual 
characteristics of each patient. It does not literally mean 

the creation of drugs or medical devices that are unique 
to a patient, but rather the ability to classify individuals 
into subpopulations that differ in their susceptibility to 
a particular disease or their response to a specific treatment. 
Preventive or therapeutic interventions can then be 
concentrated on those who will benefit, sparing expense 
and side effects for those who will not.”1

Physicians have always used observable evidence to 
make a diagnosis or prescribe a treatment tailored to 
each individual. But personalized medicine provides new 
tools to physicians that are more precise to probe not just 
the visually obvious, such as a tumor on a mammogram 
or the appearance of cells under a microscope, but the 
very molecular makeup of each patient. A profile of a 
patient’s genetic variation can guide the selection of 
drugs or treatment protocols that minimize harmful side 
effects or ensure a more successful outcome. It can also 
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electronic health records that link clinical and molecular 
information to help patient and physician make optimal 
treatment decisions. It is proactive and participatory, 
engaging the patient in lifestyle choices and active health 
maintenance to compensate for susceptibilities written 
into their genome.

Clinical Applications
Ultimately, the success of personalized medicine will  
rise or fall on its ability to demonstrate its value to the 
health care system, to the industries that develop its 
products, and to patients. Many claims have been attached 
to the “promise” of personalized medicine. They include 
the ability to

Shift Emphasis in Medicine from Reaction to 
Prevention
Personalized medicine introduces the ability to use 
molecular markers that signal the risk of disease or its 
presence before clinical signs and symptoms appear. 
This information underlies a health care strategy focused 
on prevention and early intervention rather than reaction 
to advanced stages of disease. Such a strategy can delay 
disease onset or minimize symptom severity.

One example of this approach is a test being used to 
look for BRCA1 and BRCA2 genetic variants indicating a 
hereditary propensity for breast and ovarian cancer.3 
Women with BRCA1 or BRCA2 genetic risk factors have 
a 36% to 85% lifetime chance of developing breast 
cancer compared with a 13% chance among the general 
female population.4–6 For ovarian cancer, women with  
certain BRCA1 or BRCA2 gene variants have a 16% to 60% 
chance of disease compared with a 1.7% chance among 
the general population. Use of the BRCA1 and BRCA2 
genetic test can be used to guide preventive measures 
such as increased frequency of mammography, prophylactic 
surgery, and chemoprevention.

Preventive approaches to common diseases such as 
diabetes will be guided increasingly by more complex 
genetic profiles made available through resources such as 
the HapMap or the Diabetes Genetics Initiative (a public–
private collaboration that published a genome-wide map 
of genetic differences related to type 2 diabetes and other 
metabolic disorders).7,8

Select Optimal Therapy
On average, a drug on the market works for only 50% 
of the people who take it.9 The consequences in terms of 
quality and cost of care are significant, leaving patients  

indicate susceptibility to certain diseases before they 
become manifest, allowing the physician and patient to set 
out a plan for monitoring and prevention. The ability to  
profile the activity of genes, proteins, and metabolites is 
redefining how we classify diseases and select treatments, 
allowing physicians to go beyond the “one size fits all” 
model of medicine to make the most effective clinical 
decisions for each patient.

As evidence of the benefits of personalized medicine has 
grown, an infrastructure of laws, policy, education and 
clinical practice has been building around personalized 
medicine to support its use:

Medical institutions across the country have announced 
their commitment to putting personalized medicine 
into practice through dedicated centers or statewide 
initiatives.

Personalized medicine approaches are becoming “best 
practice” in hospitals in order to ensure that patients 
with serious conditions such as cancer are given the 
optimum therapy from the start.

The regulatory system is integrating genetic and 
molecular testing into the labels of pharmaceutical 
products, ensuring that a drug is administered in a 
way that minimizes the risk of adverse effects and 
improves the chances of effective treatment.2

Nearly every major pharmaceutical development project 
is incorporating information on genetic variation and its 
effects on the safety and effectiveness of the candidate 
drug.

Genomics-based medical education programs are being 
launched at several of the nation’s leading medical 
schools to train the next generation of care providers.

The U.S. Department of Health and Human Services, 
the President’s Council of Advisors on Science and 
Technology, and the Personalized Medicine Coalition 
have defined far-reaching policy recommendations 
for personalized medicine, and legislation supporting 
personalized medicine has been introduced into the  
U.S. Senate and House of Representatives.

Our health care system is facing many challenges, including 
escalating costs, declining value, and a seeming inability 
to institute reforms against a backwash of misaligned 
incentives. Personalized medicine is by no means the full 
prescription for reform, but it does offer a structural model 
for efficient health care. In its essence, it is preventive, 
coordinated, and evidence-based. It relies on a network of  
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Increase Patient Compliance to Treatment
Patient noncompliance to treatment leads to adverse health 
effects and increased costs. When personalized therapies 
prove more effective or present fewer side effects, it can be 
assumed that patients will more likely comply with their 
treatments. The impact could be greatest for the treatment 
of diseases such as asthma and diabetes, in which 
noncompliance commonly exacerbates the condition.  
At least one study supports this point.16 Inherited forms  
of hypercholesterolemia (high cholesterol) can increase 
the risk of myocardial infarction before the age of 40 
by more than 50-fold in men and 125-fold in women. 
Conventional monitoring of cholesterol levels can catch 
the condition early, but genetic testing offers additional 
benefits. In addition to detecting the condition before 
there are observable signs of disease, knowledge of a 
genetic predisposition for hypercholesterolemia provides 
patients with a powerful incentive to make lifestyle 
changes and to treat their condition seriously. Patients with 
a genetic diagnosis have shown more than 86% adherence 
to their treatment program after 2 years compared to 
38% prior to testing.

Reduce Time, Cost, and Failure Rate of Clinical 
Trials
Developing a new drug is a costly and lengthy process. 
Theoretically, the use of pharmacogenomic data, or 
information about how patients’ genes affect their drug 
responses, could reduce the time and cost of drug 
development. Using genetic tests, researchers could 
preselect patients for studies, using those most likely to 
respond or least likely to suffer side effects. “Enriching” the 
clinical trial pool, as this approach is called, could reduce 
the size, time, and expense of clinical trials. Moreover, 

to contend with their disease and their medical bills as 
they switch from one drug to another until they find 
an effective therapy. Studies have linked differences in 
response to the differences in genes that code for the 
drug-metabolizing enzymes, drug transporters, or drug 
targets (Figure 1). The use of genetic and other forms of 
molecular screening allows the physician to select an 
optimal therapy the first time and avoid the frustrating 
and costly practice of trial-and-error prescriptions. Getting 
to the right drug sooner can lead to improved health for  
the patient or, in the case of deadly conditions, a better 
chance of survival.

One of the most common applications of personalized 
medicine has been for women with breast cancer. 
Approximately 30% of breast cancer cases are characterized 
by overexpression of a cell surface protein called human 
epidermal growth factor receptor 2 (HER2).10,11 For these 
women, standard therapy is not effective, but one 
treatment does work—an antibody drug called Herceptin. 
Herceptin can actually reduce the recurrence of a tumor 
by 52% when used in combination with chemotherapy 
compared to chemotherapy alone. Molecular diagnostic 
tests for HER2 are used to identify the 30% of patients  
who will benefit from receiving the drug.

Make Drugs Safer
According to a review of several studies, approximately 
5.3% of hospital admissions are associated with adverse 
drug reactions (ADRs).12 Many ADRs are the result of 
variations in genes coding for the cytochrome P450 family 
of enzymes.13,14 These variants may cause a drug to be 
metabolized either faster or slower than in the general 
population. As a result, some individuals may have trouble 
inactivating a drug and eliminating it from their body, 
leading, effectively, to an “overdose” as it accumulates, 
while others eliminate the drug before it has a chance  
to work. The consequences of not considering variation 
in these genes when dosing can be anything from 
unpleasant to fatal.

Administration of the drug, warfarin, used to prevent 
blood clots, is complicated by genetic variations in a 
drug metabolizing enzyme (CYP2C9) and a vitamin K  
metabolizing enzyme (VKORC1). Dosing is typically  
adjusted for the individual patient through multiple 
rounds of trial and error throughout the first year of 
treatment, during which the patient may be at risk of 
excessive bleeding or further blood clots. The need to get 
warfarin dosing right the first time to avoid adverse effects 
led the Food and Drug Administration to recommend 
genotyping for all patients receiving warfarin.15

Figure 1. Examples of how patients respond differently to medications.
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use of pharmacogenomics early in the drug development 
process could reduce product failures by focusing resources 
on drug candidates most likely to be safe and effective.

Rescue Drugs Failing Clinical Trials
Herceptin for breast cancer was a failed project before 
it became a resounding success and a poster drug for 
personalized medicine. Phase III trials in 1997 showed 
the drug to be ineffective in the overall population, 
but a careful review of the trial results revealed that 
women who tested positive for HER2 overexpression 
had a significantly better response. In 1998, the Food and 
Drug Administration was presented with clinical data 
suggesting that the HER2-positive group, defined by a 
diagnostic test, would benefit from the drug, and they 
approved the drug/diagnostic combination.17

In Europe, regulators rejected Amgen’s colon cancer 
drug, Vectibix, for market approval because it did not 
demonstrate a benefit to the broad population of patients 
tested. The company took a closer look at the data from 
the clinical trial and discovered that Vectibix worked 
better in patients whose tumors lacked the KRAS gene 
mutation. The drug was later approved for those patients 
only.18

Reduce the Cost of Health Care
The cost of health care in the United States is on an 
unsustainable upward climb. Incorporating personalized 
medicine into the fabric of the health care system can 
help resolve many embedded inefficiencies, such as trial-
and-error dosing, hospitalization of patients who have 
severe reactions to a drug, late diagnoses, and reactive 
treatment.

Economists have estimated that the use of a genetic 
test to properly dose the blood thinner, warfarin, could 
prevent 17,000 strokes and 85,000 “serious bleeding events” 
each year and avoid as much as 43,000 visits to the 
emergency room. If the 2 million people that start taking 
warfarin each year were tested at a cost of $125 to $500  
per patient, the overall cost savings to the health care 
system would be $1.1 billion annually.19

An economic analysis of the OncoType Dx gene expression 
test looked at the real costs of treating women with breast 
cancer in a 2-million-member health plan.20 If half of the 
773 eligible patients received the test, then the savings 
in terms of adjuvant chemotherapy, supportive care, and 
management of adverse events would be approximately 
$1930 per patient tested (based on a 34% reduction in 
chemotherapy use).

Finally, a study in January 2009 has found that $600 million 
could be saved annually if the anti-EGFR therapies, 
Vectibix and Erbitux, were limited to those patients with 
metastatic colorectal cancer whose KRAS gene is not 
mutated, because those are the only patients who benefit 
from the drugs.21

While many fear that new, sophisticated tests to guide 
smart medical decisions will add unnecessary costs to an 
already overburdened system, personalized medicine—
prescribing the right treatment to the right patient at the 
right time to increase efficacy and reduce side effects—
can lead to both improved clinical results and reduced 
costs. Along with increased access, these should be the 
goals of intelligent health care reform.
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